Flavonoids are a group of natural compounds in plants with versatile health benefits for humans. Grapes are a dietary source of flavonoids and the flavonoid components in grape berries can depend on the grape species and cultivar. In this experiment, proanthocyanidins, flavonols, and anthocyanins were analyzed in Vitis coignetiae and V. ficifolia var. ganebu, wild grapes native to Japan, and compared with those in V. labruscana cv. Muscat Bailey A, to evaluate the potential of the wild grapes as a grape resource. Proanthocyanidin contents in seeds were lower in the two wild grapes than in Muscat Bailey A.
ganebu Hatusima (Ganebu), which are East Asian dioecious grape species indigenous to Japan. Coignetiae is a hardy species that mainly inhabits the subarctic wet climate areas of Japan. Ganebu is a subtropical species endemic to coastal areas of the subtropical southwestern islands of Japan. Ganebu has no endodormancy and can bear berries continuously in this habitat.
Coignetiae is cultivated in the northern areas of Japan and the cultivation of this species was initiated to promote agriculture in most areas. Nowadays, Coignetiae berries are extensively used as a source for local products such as juice and wine. In contrast, Ganebu is rarely cultivated and its uses are currently limited. Coignetiae berries are as large as most V. vinifera wine grapes, but the size of Ganebu berries is about a third of V. vinifera in terms of weight. Grapes are not generally regarded as a typical fruit for subtropical regions; therefore, cultivation of Ganebu has received little focus because of its small berries.
However, several lines of evidence on the singular characteristics of Ganebu berries were reported recently. Resveratrol is a nonflavonoid polyphenol with antioxidant activity and also a phytoalexin of grapes. High productivity of resveratrol in mature berries has been confirmed in Ganebu, but not commonly found in most V. vinifera cultivars and V. ficifolia var. lobata [1] [2] . The beneficial effects of resveratrol in human health have been demonstrated in numerous studies, including its antioxidant, anti-inflammatory, antiatherogenic, and antitumor activities [3] [4] [5] . Ganebu seed shows a peculiar characteristic, with higher α-tocopherol and lower linoleic acid levels than in other grape species [6] . α-Tocopherol is a molecule with the highest vitamin E validity among tocopherols and tocotrienols. Although linoleic acid is an essential oil that must be supplied in the human diet, it should not be taken excessively because of its susceptibility to oxidation and the negative effects of eicosanoids that are formed from linoleic acid [7] . Therefore, Ganebu seed might be a better source for grape seed oil than other grape species.
Other useful components in grape berries include flavonoids. Proanthocyanidins (PAs) in berry skins and seed coats, and flavonols and anthocyanins in berry skins are especially important components that vary by grape species. These flavonoids play a crucial role in the sensory properties [8] [9] and healthbeneficial functions of berries, juices, and wines in the human body [10] [11] [12] . Only a few studies have investigated the profiles of these flavonoids in East Asian grape species, although a myriad of information has been provided on V. vinifera grapes through its worldwide cultivation and use [13] [14] . In addition, the available information about the flavonoid features in East Asian wild grapes native to Japan is restricted to anthocyanin profiles provided by high-performance liquid chromatography (HPLC) chromatograms, in which the anthocyanins identified were restricted to monoglucosides [15] .
The aim of this study was to investigate the flavonoid profiles in Coignetiae and Ganebu grape berries to evaluate their potential as a grape resource. PAs, flavonols, and anthocyanins were analyzed in Coignetiae and Ganebu grape berries harvested from vines cultivated under the same climate and soil conditions and the same cultural practices. The flavonoid components of Coignetiae and Ganebu grape berries were compared with that of V. labruscana Bailey cv. Muscat Bailey A, which was bred in Japan, and has been used for table, juice, and wine grapes in Japan.
Materials and Methods

Chemicals and Reagents
(+)-Catechin was purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Cyanidin-3-glucoside (≥98%), delphinidin-3-glucoside (Dp-3G) (≥98%), and malvidin-3-glucoside (Mv-3G) (≥98%) were purchased from Funakoshi Co., Ltd. (Tokyo, Japan). All organic solvents of Japan industrial standard (JIS) special grade were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
Grapes
Three vines of V. labruscana Bailey cv. Muscat Bailey A (X-shape-trellis, 17 years old in 2008), and two vines each (hedgerow training) of V. coignetiae ( 
PA Analysis
Samples (5 g skin and 3 g seeds per replicate) were extracted in 100 mL of 80% (v/v) methanol using a homogenizer (T 18 ULTRA-TURRAX BS1; IKA, Stauffen, Germany). The homogenate was stirred at about 200 rpm for 18 h at 4˚C and filtered through a Whatman No. 2 filter paper. The residue was washed with 100 mL of 75% (v/v) acetone. The 80% methanol extract combined with the 75% acetone wash was concentrated to the aqueous phase at 40˚C in vacuo. After adjusting the pH to 7.0 with 0.1 N NaOH, the volume of the aqueous extract was made up to 50 mL with distilled water.
The neutral extracts were fractionated into flavan-3-ol monomers, oligomeric PAs, and polymeric PAs through the two preconditioned Sep-Pak Plus tC-18 and C-18 cartridges (Waters; Milford, MA, USA) connected in order from top to bottom according to Sun et al.'s method [16] . PAs in each fraction were quanti-fied by Sun et al.'s modified vanillin assay using a standard curve with (+)-catechin [17] . All determinations were conducted in triplicate.
Flavonol Analysis
Flavonols were extracted and analyzed according to a slight modification of Pena-Neira et al.'s method [18] . and 303, respectively. Quercetin-3-glucuronide was quantified by using the HPLC-PDA analysis data and the quantified data were shown as quercetin-glucoside equivalent μg/g fresh weight (gfw).
Anthocyanin Analysis
Extraction of Anthocyanins
Anthocyanins were extracted and analyzed according to a slight modification of Shiraishi et al.'s method [19] . One gram of skin powder prepared in liquid nitrogen with a mortar and pestle was homogenized in 40 mL of 50% (v/v) aqueous acetic acid with a mortar and pestle. After homogenization, the sample was placed in the dark at 4˚C for 18 h. The sample was filtered through with a Whatman No. 2 filter paper; the residue was washed three times with 10 mL of 50% (v/v) aqueous acetic acid. The volume of the filtered sample was made up to 75 mL with 50% (v/v) aqueous acetic acid and stored at 4˚C until analysis. For mass spectrometer analysis, a 200 μL aliquot of extract was evaporated to dryness and stored at −30˚C.
Total Anthocyanin Analysis
Absorbance of the extract at 530 nm was measured in a quartz cell of 1 mm light length by a spectrophotometer (UV mini 1240; Shimadzu). The amount of anthocyanin was determined by comparing the absorbance to the standard curves made using Mv-3G. Total anthocyanin content in berry skins was shown as
Mv-3G equivalent mg/gfw.
Identification and Quantification of Anthocyanins
The extract of 3 mL was centrifuged at 3000 g for 5 min and 10 μL of the super- and their molecular and characteristic fragment ions were shown in Table 4 .
Diglucoside and acylated anthocyanins were quantified by using the HPLC-PDA analysis data (SPD-M20A; Shimadzu) and the quantified data were shown as Mv-3G equivalent µg/gfw. Diglucoside and acylated anthocyanins in the HPLC-PDA analysis were identified by comparing their relative retention times against Mv-3G between the two HPLC systems.
Results and Discussion
PAs and Flavan-3-ol Monomer
The contents of PAs and flavan-3-ol monomer in berry skins and seeds are shown in Table 1 . The contents were in the order of polymer > oligomer > monomer, irrespective of the grape species and the materials. No significant differences in flavan-3-ol monomer content were observed between skins of grape species. The contents of flavan-3-ol oligomer and polymer were significantly higher in Ganebu skin than in Muscat Bailey A and Coignetiae skins; the levels in Ganebu skin were 4.3 and 4.7 times greater, respectively, than those in Muscat Bailey A skin.
PA content in seeds was lower in the two wild grapes than in Muscat Bailey A.
The contents of flavan-3-ol monomer and oligomer PA in Coignetiae and Ganebu seeds were less than 46% and 37%, respectively, of that in Muscat Bailey A seeds. The lowest polymer PA content was found in Ganebu seeds, which was 43.2% of that in Muscat Bailey A seeds.
Cheynier et al. [20] and Labarbe et al. [21] found that the degree of PA polymerization was higher in skins than in seeds of V. vinifera. Interestingly, only in Ganebu grapes did the skin have higher levels of PAs than the seed did; oligomer and polymer PAs in the skin were 1.85 and 2.36 times, respectively, higher than that in the seed. Previous studies of V. vinifera cultivars (albeit with a different methodology) yielded similar results; lower concentrations of PAs were found in skins compared with that in seeds [22] [23] [24] [25] . Xu et al. [26] analyzed the total flavan-3-ols in seeds and skins of several [26] . The difference in the PA levels between the seed and skin of Muscat Bailey A in this study is comparable with their results. Differences in the PA levels between skins and seeds of oriental grapes were also found to be very small compared with V. vinifera and V. labruscana. A slightly higher level of total flavan-3-ols in skins than in seeds was found only in V. xunyangensis cv. Purple grape. The much higher oligomer and polymer PA levels in the skin than in the seed appear to be a distinctive feature of Ganebu grapes among the East-Asian grape species.
Flavonols
Flavonols detected in this study included Q3Rut, quercetin-3-glucuronic acid (Q3GlcA), Q3Glc, and K3Glc ( Ganebu were approximately 14.0% and 51.0%, respectively, of that of Muscat Bailey A. There were no significant differences in K3Glc content of the grapes. Although there are some exceptions such as Shiraz and Cencibel in which Q3Glc levels are higher than Q3GlcA, a higher level of Q3GlcA than that of Q3Glc seems to be common in V. vinifera [28] [25] . In the skin of 344 V. vinifera grapes, including not only colored but also noncolored cultivars, Q3GlcA (ranging [14] . The comparison of flavonol levels between Muscat Bailey A (European-American hybrid), Coignetiae and Ganebu in our experiment confirms these previous findings. The levels of Q3GlcA and Q3Glc in Coignetiae were equivalent to the relatively low levels reported in the previous study [14] , taking into consideration the general water content of mature grape skins (ca. 80% for Campbell Early and Muscat Bailey A; data not shown). Coignetiae is genetically closely related to V. amurensis, as shown by their topological, isozymic, and genetic similarity [15] ; both species are native to the high-latitude region of East Asia. Protection from ultraviolet (UV) radiation in insolation is the main conceivable role of flavonols in berry skins. The low levels of flavonols might be a common feature of East-Asian wild grapes, like
Coignetiae, that are native to the northern area with low exposure to UV rays.
Zhu et al. [14] reported that flavonol levels of V. ficifolia cv. Sangye skin were higher than that of most cultivars of V. amurensis. Ganebu also had higher levels of flavonoids than Coignetiae. Although the relationship of V. ficifolia cv. Sangye and Ganebu (V. ficifolia var. ganebu) is obscure, unlike that of V. amurensis and Coignetiae, and there is no information about the habitat of V. ficifolia, a mother plant of Sangye, relatively higher levels of flavonols in skins among East-Asian grapes is probably a characteristic of wild grapes native to the southern area.
Anthocyanin
The total anthocyanin level in Coignetiae was similar to that in Muscat Bailey A (Table 3 ). In contrast, Ganebu contained the highest total anthocyanin content in the skin; the level was 7 times higher than that in Muscat Bailey A. However, the total content of three anthocyanin monoglucosides analyzed by HPLC was the highest in Muscat Bailey A and the lowest in Coignetiae. Muscat Bailey A Table 3 . Total anthocyanin, and the monoglucoside of delphinidin (Dp-3G), petunidin (Pt-3G) and malvidine (Mv-3G) contnt in the berry skin of Muscat Bailey A, Vitis coignetiae and Vitis ficifolia var. ganebu. contained a higher level of Mv-3G compared with Dp-3G and Pt-3G; Mv-3G accounted for 73.5% of the total anthocyanin monoglucosides. In Coignetiae and
Ganebu, the proportion of Mv-3G in the three anthocyanin monoglucosides was not as high as that in Muscat Bailey A. Ganebu contained the highest level of Dp-3G in the three grape species. In both Coignetiae and Ganebu, the proportion of Dp-3G in the total anthocyanin monoglucosides was > 2 times higher than that of Muscat Bailey A.
Mv-3G is generally the most-abundant anthocyanin monoglucoside in the skin of V. vinifera grapes [30] [31], and also in the skin and juice of Muscat Bailey A grapes [32] [33]. Zhu et al. [14] reported that Mv-3G levels in East Asian grapes were lower than those in European-American hybrid grapes. Lower levels of Mv-3G and Pt-3G in Coignetiae and Ganebu grapes compared with Muscat Bailey A grapes are probably a common feature of East Asian grapes.
In general, Vitis vinifera grapes contain only acylated monoglucoside anthocyanin and monoglucoside anthocyanin [34] . In other grape species, diglucoside anthocyanin, acylated monoglucoside, and acylated diglucoside anthocyanin have been found, in addition to monoglucoside anthocyanin [14] . In this experiment, three diglucoside anthocyanins, two monoglucoside anthocyanins acylated with coumaric acid, and three diglucoside anthocyanins acylated with coumaric acid were identified in the samples (Table 4 ). The only diglucoside anthocyanin identified in Muscat Bailey A was Mv-3G5G. The absence of Dp-3G5G and Pt-3G5G in the juice of Muscat Bailey A was reported previously [33] .
In contrast, all three diglucosides were found in Coignetiae and Ganebu. The levels of Mv-3G5G were two orders of magnitude higher in Coignetiae and Ganebu when compared with that of Muscat Bailey A. The levels of diglucoside anthocyanins were especially high in Ganebu when compared with Coignetiae; the levels of Dp, Pt, and Mv diglucosides in Ganebu were 35.4, 16.9, and 4.5 times higher than those in Coignetiae, respectively. Zhu et al. [14] reported that the levels of Dp3G5G, Pt3G5G, and Mv3G5G in nine East-Asian grapes ranged from 0 to 2378 μg/gfw, 33 to 2734 μg/gfw, and 133 to 4663 μg/gfw, respectively. Although the levels of these compounds in Coignetiae were within the range of those reported in the nine East-Asian grapes, the level of Mv3G5G in Ganebu was higher than in any previous report.
Glycosylation at C3 of the ring-C in the flavan skeleton, the first step in glycosylation of anthocyanidins just after their synthesis in plants, is necessary for stability in the acidic environment of the vacuole. In addition, an increase in the glycosyl number of anthocyanins is positively correlated with their stability [35] .
Because of the high levels of glycosylation of anthocyanidins in Coignetiae and
Ganebu, these grape species have more stable anthocyanins compared with Muscat Bailey A grapes. In particular, it is worthy of special mention that MV-3G5G was found at a very high level in Ganebu grapes among East Asian grapes.
Considering the acylated anthocyanins, malvidin-3-(6"-p-coumaroyl)-glucoside-5-glucoside (Mv-3GCo5G) was commonly the most-abundant acylated diglucoside anthocyanin in the grapes, similar to the diglucoside derivatives. Although the levels of each acylated diglucoside anthocyanin (Dp-3GCo5G, Pt3GCo5G, and Mv-3GCo5G) were lowest in Muscat Bailey A, the levels of acylated monoglucoside anthocyanins (Pt-3GCo and Mv-3GCo) were lowest in Coignetiae. The levels of acylated diglucoside anthocyanin in Ganebu were notable; it contained 86.8, 37.9, and 8.2 times higher levels of Dp-3GCo5G, Pt3GCo5G, and Mv-3GCo5G, respectively, than those in Muscat Bailey A.
All anthocyanins show common light absorptivity with two distinctive absorption peaks: one in the UV-C region (260 -280 nm) and the other in the visible region (490 -550 nm). The spectrum of anthocyanins can be altered by the amount and position of glycosylation in the molecule, and by the amount of acylation [36] . Diglycosylation at C3 and C5 of anthocyanin decreases the ratio between the absorbance at 440 nm and the absorbance at the λ vis-max of that in C3 glycoside anthocyanin. Although diglycosylation contributes little to the absorbance of UV-A and UV-B [37] , acylation with cinnamic acid as a glycosidic substitute alters the anthocyanin to be able to absorb UV-B (310 -360 nm) [38] .
Acylation with p-coumaric acid, a hydroxyl derivative of cinnamic acid, also modifies the absorbance of anthocyanin in a similar manner [27] . Therefore, the acylated anthocyanins probably contribute to the attenuation of UV radiation in the berry as with flavonols. It is reasonable that Ganebu contains high levels of acylated anthocyanins, as its habitat, the southwest region of Japan, has high UV-B in insolation.
Conclusions
All of flavonoids analyzed in this study were not higher in V. coignetiae Pulliat (Coignetiae) and V. ficifolia Bunge var. ganebu Hatusima (Ganebu) than that in V. labruscana Bailey cv. Muscat Bailey. However, specific flavonoid components that were characteristic of the species, especially for Ganebu, were determined in this study, which provides information on their potential application and utility.
Ganebu berry skin contains considerably high levels of total anthocyanins and specifically, high levels of diglucoside and acylated anthocyanins. Highly glycosylated and acylated anthocyanins are more stable in response to changes in pH and heat, which might indicate good potential of Ganebu berries for processing.
Higher levels of oligomer and polymer PAs in Ganebu grape skins compared with other grapes is a specific characteristic of flavonoids in this species. Although Ganebu contains lower levels of PA in the seed and lower levels of flavonols in the skin than those in the Muscat Bailey A seed and skin, respectively, Ganebu PA levels were not significantly different from those in Coignetiae and the flavonol levels were higher than those in Coignetiae. Ganebu berries are a better source of PA and flavonols than Coignetiae berries. Overall, we can conclude that Ganebu berries are a useful source for flavonoids.
